Abstract In a small heterogeneous limestone basin with mixed land use twelve flow components were distinguished by using chemographs of flood events and baseflow. Only a few of them are endmembers. The number of flow components depends on the tracers that are used and on the degree of heterogeneity. If the concept of flow components is restricted to endmembers only, the runoff generation process cannot be explained completely because runoff does not form by the mixing of chemically distinct water types alone. Beside water types, there are all kinds of temporal variations ranging from steep gradients to continuous changing, e.g. due to incomplete mixing, exhaustion of sources, etc. This means that the original concept of flow components should be extended to behaviour patterns in order to obtain a basic understanding of the very complex process of runoff generation. Furthermore it is an excellent approach to facilitate understanding of the temporal variation of water quality in flowing waters.
additional assumption that flow components can be considered as endmembers, which change only slowly over time (Cfaristopherson et al, 1990; Hooper et al., 1990; Neal & Cfaristopherson, 1989; Robson et al., 1992) .
There is no doubt that this concept has its merits. However, there are two fundamental flaws obvious to everyone dealing with water pollution coming from diffuse sources. First of all, the concept is much too simple. Although it can be argued that a rather small number of sources with unique absolute and relative concentrations of principal and minor anions and cations can be selected (Woolhiser, et al., 1985) , three flow components cannot explain a multitude of minor sources and do not explain the temporal variations of dissolved solids in flowing waters. Secondly, it is not proven at all that the total runoff is formed of endmembers. In fact there is a considerable debate on that assumption (Pilgrim et al., 1979; Kennedy et al, 1986; Mulder et al, 1990; Kendall & McDonnell 1993; Chapman et al, 1993) . In any case, the number of flow components seems to depend on the identification procedure, and it may be that the number is indefinite, which means that part of the total runoff behaves like a continuum.
So the crucial questions are: (1) Is the assumption that stream water forms by the mixing of flow components a promising working hypothesis? (2) Are these components endmembers or just theoretical constructs that are used to simplify reality? (3) Will the understanding of flow components, as far as they exist, help in understanding the whole system, e.g. the basin or the river?
The answer to the first question depends mainly on the definition of a flow component. There is a general agreement that different stages of runoff can be distinguished due to changes in the properties of the water body. However, the contributing water types show all kinds of temporal patterns ranging from steep sharp gradients to continuous changing, which can hardly be noticed. From this it follows that not all flow components are defined by nature. Some are defined in terms of the characterizing properties. In this paper flow components are defined by patterns of water body characteristics, which is similar to the basic idea of the fingerprinting approach. Questions two and three above are ones to be examined by this study.
THE AREA UNDER INVESTIGATION, MATERIAL AND METHODS
The Kartelbornsbach drains a basin of 2.75 km 2 in the southern Eifel mountains about 8 km northwest of Trier. The shallow soils cover Triassic bedrock consisting of clayey, silty or sandy marls or of limestone, which locally contain gypsiferous pockets. A partially collapsed field drain system is active during the whole year. Although its main contribution is soil water and perched groundwater, it can respond very quickly to rainfall events. Land use is arable land, pastures and small patches of scrub and woodland. A small village with an inadequate treatment plant, several streets and a small storm sewer system coming from a cluster of houses not connected to the treatment plant, causes both a continuous and an event-controlled pollution of the small stream. In spite of the calciferous bedrock there are no karst phenomena. Water budget calculations indicate no significant groundwater loss. The effective rainfall is very low in summer and hardly ever exceeds 4%.
The main characteristic of this small basin, under investigation since 1988, is its heterogeneity, which is a necessary prerequisite for the identification or determination of components, sources, or flow paths of runoff, dissolved solids and suspended particles.
Since 
RESULTS AND DISCUSSION

Flood response
The typical flood response to showers and thunderstorms in summer is a small preflush followed by a sharp single peaked flood wave with an exponential recession limb. What looks quite simple is a very complex response, as can be shown by different chemographs (Fig. 1) .
The succession of flow components starts with rain water. The corresponding suspended particles are leaf remnants or small twigs. It is followed by surface runoff from the rural pathway system that brings a yellow material into the river. In Fig. 1 this component is characterized by the first peak of zinc and the small trough of sodium (sample no. 3). About 3-5 min later suspended material turns black indicating the preponderance of water from the small storm sewer system. This waste water component is by no means an endmember, because, as can be seen very clearly in the Figure, it starts with high concentrations of zinc, nitrate and ammonium, but changes rapidly thereafter. It is assumed that there is a first flush of rain water that travels much faster in the sewer than does the remobilized mud. After this flush nitrate drops to zero, but ammonium remains at a high level. Concentrations of oxygen become very low as well. The significance of this component decreases with the increasing proportion of the following components, but can be traced well beyond the main peak. Saturation overland flow with brownish suspended material from top soil is responsible for a very sharp peak in calcium and magnesium during the rising limb of the flood wave. In Fig. 1 calcium shows only some kind of a shoulder, because the sample was not taken at the precise moment of the peak. Saturation overland flow is followed by the replacement of soil water from the near stream zone. It is characterized by peaks of manganese and iron. Manganese responds faster and does not require the same amount of rainfall as does iron. This corresponds to the different solubilities of manganese and iron due to redox conditions. It can be concluded that these flow components come from different soil depths.
The sharp peaks of calcium, manganese and iron suggest that the components belong to replaced water, but the proof that this water can be considered an endmember cannot be given. During the recession stage no further components can be distinguished. The probability of a flow component being an endmember is highest during the recession stage, where flush effects do not occur and where no significant changes in the composition of water quality can be detected.
Assuming that the flood wave consists during the recession of only two components, that both are endmembers and that one of them does not vary with discharge, the relationship of load against discharge is a linear one as given by equation (1):
with C for concentration, Q for discharge, T for total, 1 and 2 for the two endmembers. This is equivalent to the bivariate linear regression equation:
Y= bX + a with C T x Q T equivalent to Y, Q T equivalent to X, C x to the regression coefficient b, and (C 2 -Q) x Q 2 equivalent to a. Nakamura (1971) used this concept to separate interflow from baseflow. For the example discussed here, the two components are labelled soil water and baseflow. Baseflow includes perched groundwater and waste water and is assumed to remain constant in concentration and discharge during the recession stage of an event. In Figs 2 and 3 the relationships between load and discharge are shown for the recession limbs of two flood waves of quite different magnitudes. As a more or less linear relationship exists, when the discharge remains below 120 1 s" 1 the concentrations of calcium and sulphate can be derived from the regression coefficient b and range from 26 to 30 for most of the events that have been investigated. This subsurface component is considered to be an endmember. The increasing loads at the very end of the flood wave indicate that the replacement of soil water may be the controlling factor, as both calcium and sulphate concentrations can be assumed to increase with soil depth. For ions enriched at the soil surface, e.g. potassium, no linear relationships could be found. These results fit well to those of Hirata & Muraoka (1993) .
When the discharge exceeds 120 1 s" 1 , the situation is less clear. There is no doubt that the three assumptions made above do not reflect reality. Either there are more than two components involved or one of the components is not an endmember. In many but not in all summer events, a small minimum of the loads could be observed at discharges about 120-150 Is 4 . The flood response of 23 July 1989, which was discussed in detail elsewhere (Strank, 1992; Symader et al., 1992) shed some light on this problem. It was the second flood wave of three events that occurred during one day. As most of the sediment supply was removed during the first event of the day, secondary particle sources could be seen more clearly. The sample with the minimum load (Fig. 3) was a sample with a major maximum of turbidity and a secondary maximum of suspended particle concentrations. From this combination of characteristics (decreased loads and high concentrations of very fine particles) it can be concluded that during the recession stage at least one component was moving rapidly and had a short residence time. This suggests a contribution of subsurface flow from soil pipes or parts of the field drain system.
Dry weather flow
Using the concept discussed above for daily analyses of dissolved solids during dry weather flow, a linear relationship with some slight deviations can be found (Fig. 4) . The scatter plot shows three groups of data. A linear relationship with some scattering can be found for discharges less than 12 Is 4 . A close relationship can be found for the range of 12-25 or 30 1 s" 1 as well, but the slope is not so steep. When the discharge exceeds 30 1 s" 1 any linearity disappears. The first explanation for the difference between the first two groups is a systematic error of flow measurements, which are very difficult to perform correctly during low flow at this gauging station. However, that was not the case. The difference goes back to a changing hydrological situation.
Dry weather discharge from 12 to 25 1 s" 1 is measured during the first half of the year, when the soil releases the water it has received and stored during the winter months. The average concentrations of sulphate of the soil water (derived from the regression equation) are between 55 and 60 mg l" discharge relationship still decreases but at a lesser degree. The reason for this are increasing concentrations of several ions e.g. sulphate and nitrate, which cannot be explained by decreasing discharge, whereas the concentrations of the carbonate species do not change very much. The temporal behaviour of sulphate for 1991 is shown in Fig. 5 . The effect discussed above is most clearly seen during September and October 1991. It is suggested that the increase of sulphate and nitrate goes back to soil water or groundwater coming from parts of the basin that are not adjacent to the river and take nearly 6-8 months of travel time to reach the river. This water can move through cracks, macropores and field drains. It is labelled lateral groundwater flow with its origin in the limestone area, where most of the gypsiferous pockets are located. This interpretation is supported by the fact that two ions from different sources (sulphate from gypsic minerals, nitrate from liquid manure and fertilizers) show the same temporal behaviour.
Although not all details are understood it is evident that the baseflow consists of several waters with different properties. This supports some critical comments by Kennedy et al. (1986) , who doubt that the isotopic and chemical composition of prestorm soil water can readily be predicted. This has serious consequences for the application of isotopes in simple mixing models. The situation is very complex and old water or baseflow are not homogeneous flow components.
CONCLUSIONS
The analysis of chemographs during events and dry weather flow conditions revealed at least twelve different flow components. They are:
1. Continuous waste water effluents, which are part of the baseflow and have not been discussed in this paper. They are responsible for nearly all phosphate during dry weather flow with more or less constant concentrations for the summer half of the year. 2. Perched groundwater. During this analysis there was no need to separate this component from waste water. Both were considered as the constant part of the baseflow. If a quantitative distinction is needed it can be easily done by using the flow rates of the waste water plant and a simple mixing model with phosphate as tracer. Both components are endmembers. 3. Lateral groundwater flow. From samples of deep soil water near the gypsiferous pockets it seems that this groundwater component is no endmember, but increases its concentration continuously during late summer and autumn. Beside high concentrations of sulphate it contains increased concentrations of nitrate. The proportion of this flow component is so small that it can only be detected under very low flow conditions. 4. Deep soil water, or the upper part of the perched groundwater. This water has been stored during the winter months and is thoroughly mixed. It is released during the first half of the year. The situation during dry weather flow can be modelled quite well using a simple mixing model with two components up to a discharge of 30 1 s'
1
. At higher discharge rates there are additional components involved, but the situation during the winter is not yet well understood. 5. Soil water during the recession stage of summer floods. Again this component is an endmember. It seems to replace at least part of the groundwater. 6. Soil water from the collapsed field drain system or from soil pipes. The existence of this component seems to be established, but for the time being its properties cannot be quantified. 7. Deep soil water or groundwater from the valley bottom. This flow component is characterized by high iron concentrations. Its short-term behaviour seems to indicate that it is replaced by soil water from adjacent parts of the basin. 8. Soil water from the valley bottom. The high concentrations of manganese leading those of iron indicate that this component moves on top of component 6. 9. Saturation overland flow. The indicator is calcium. Its occurrence in succession with the components 7 and 8 forms a basic pattern of flood wave responses In summer. For the time being it is assumed that the height of the calcium peak is supply controlled, therefore it cannot be an endmember, but the existing data are not sufficient to understand inter-storm variations. This component is involved during most of the event, but can be clearly recognized only at the beginning. 10. Waste water from the storm sewer system. This flow component belonging to the small preflush is a very heterogeneous component and shows by no means a constant temporal behaviour, although it is easily recognized. 11. Surface water from the rural pathway system. A short-lived component with chemical characteristics that are supply controlled. 12. Rain water. As long as there are no significant changes during the precipitation event, this very small component is an endmember.
By discriminating these twelve flow components the basin is treated as a lumped system. With additional chemical tracers such as phosphate, sodium, chloride and organic contaminants it is possible to determine the contribution of small areas to total runoff, which considerably increases the number of components that can be identified. However, from comparisons with the results of other basins it can be seen that the number of flow components that can be distinguished decreases with increasing basin size.
The answers to the two questions which were the objectives of this paper can now be given. If the concept of flow components is not restricted to endmembers, but extended to behaviour patterns, it is a very powerful tool in order to understand the runoff generation process or the variations in water quality. Some of the components are indeed endmembers and can be defined in physical terms, but others are not and are more or less characterized by the sampling programme or the methods applied. In some cases, e.g. saturation overland flow, it is only a label that disguises considerable spatial and temporal variations. By using the concept of flow components, the very complex process of runoff generation can be disaggregrated into subpatterns or simple structures, which is the first step towards understanding the whole system. Other working groups are to be encouraged to give more attention to heterogeneous basins.
